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Abstract 
This paper reports the results of a three-year field investigation car-
ried out in a vineyard located in Sicily (Mazara del Vallo, Trapani) with-
in the framework of the Project: Evolution of cropping systems as affect-
ed by climate change (CLIMESCO). Research investigated soil-plant
response to irrigation performed with water having two different salin-
ity levels; soil hydrological characteristics, soil salinity, crop transpira-
tion and stomatal conductance were measured in field plots. The
results proved that crop transpiration and stomatal conductance were
significantly affected by soil salinity conditions (expressed as electrical
conductivity of the soil saturated water extract). A significant reduction
in both the physiological parameters was observed in the treatment irri-
gated with water having higher salinity (electrical conductivity equal to
1.6 dS m–1) as compared to the treatment irrigated with water of lower
salinity (electrical conductivity equal to 0.6 dS m–1).  
Introduction
Many Mediterranean countries, including Egypt, Libya, Tunisia,
Algeria, Morocco, Syria, Malta and Lebanon exhibit water availability
below the threshold of 1000 m3/person/year. Water demands for irrigation
are projected to rise, bringing increased competition between agriculture
and other users (Crescimanno and Marcum, 2009). Therefore, the use of
lower-quality sources, such as saline waters, will inevitably be practiced
for irrigation purposes in order to maintain an economically viable agri-
culture (Crescimanno, 2001). Sicily is a typical Mediterranean country in
which conditions of water scarcity and drought, as well as increasing use
of saline water for irrigation are taking place (Crescimanno, 2009). In
Sicily, wine grape (Vitis vinifera L.) is one of the most important  crops,
both in terms of crop production and economic value. Management
options suitable to prevent salinization, while maintaining acceptable
levels of crop productivity and/or wine quality in irrigated vineyards, need
to be developed in Sicily (Crescimanno and Garofalo, 2005; 2006). This
paper reports results of a three-year field investigation carried out in a
vineyard located in Sicily (Mazara del Vallo, Trapani) within the frame-
work of the Project: Evolution of cropping systems as affected by climate
change (CLIMESCO), funded by three Italian Ministries (University,
Agriculture, and Environment). Research was aimed at investigating
soil-plant responses to irrigation with water having two different salinity
levels. 
Materials and methods
Different irrigation treatments were applied to two contiguous plot,
L and R respectively, at the Foraci Farm, a vineyard located in the
Mazaro basin, region of Sicily, to monitor soil and plant responses to
brackish irrigation water, measured in terms of electrical conductivity
(ECw). In treatment L, irrigation water came from a lake having
ECw=1.6 dS m–1 while in treatment R, water was drawn from a well hav-
ing ECw=0.6 dS m–1. Two vine rows were chosen in each of the two plot
and eleven, equally spaced spots were selected along each of the two
rows in order to carry out measurements on soil hydraulic and plant
physiological parameters.  Undisturbed soil samples were taken at the
selected locations to determine the soil shrinkage curve, i.e. the rela-
tionship between specific volume and gravimetric water content, and
the water retention curve, i.e. the relationship between volumetric
water content and matric potential. The soil shrinkage curve was nec-
essary in order to incorporate changes in volume into the volumetric
water content (Crescimanno and Provenzano,1999). The soil hydraulic
parameters were determined by the parameter estimation method
based on multi-step outflow experiments representing the soil water
retention by the Brutsaert equation (Crescimanno and Garofalo, 2005).
Soil gravimetric water content (U), soil salinity (expressed in terms
of electrical conductivity of soil saturated water extract, ECsat) and plant
physiological measurements (transpiration and stomatal conductance)
were determined on a total of the eleven spots per row. Soil saturated
water extracts were prepared with soil samples collected at 60 cm of
depth; ECsat was measured using a conductivimeter (Crison, Micro CM
2002) (Rhoades, 1993). Irrigation scheduling was performed according
to the water balance methodological approach, taking into account
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meteorological data, maximum crop available water (AWmax) and crop
maximum evapotranspiration. Reference evapotranspiration (ETo) was
calculated using the Hargreaves equation (Hargreaves and Samani,
1982). The amount of water supplied at each irrigation was determined
by a water balance approach based on the Rijtema water availability con-
cept (Doorenbos and Kassam, 1979); however, since a deficit irrigation
is practiced in the farm to obtain a good wine quality, the soil water con-
tent was allowed to reach values close to wilting  point before irrigation
was applied. In addition, according to the p fraction (P=0.5) adopted to
determine the irrigation scheduling, a 50% fraction of the maximum
available water was considered to allow the condition of actual evapo-
transpiration equal to maximum evapotranspiration. Irrigation (both in
R and L rows) was performed in June and July of each year (with 3, 5
and 3 watering in 2007, 2008 and 2009, respectively). Physiological
measurements were carried out the day after each irrigation. Crop tran-
spiration (Tr ) and stomatal conductance (Gs) were determined on three
fully expanded leaves on each plant, using a CIRAS-2 portable infrared
gas analyzer (PP-Systems).
Results and discussion
Table 1 reports the physical characteristics of some soil profiles (E, F,
G and H) located along the L and R rows. The four profiles were classi-
fied as typic chromoxerert and no significant differences were found
between them in terms of soil texture. These soil profiles were selected
for hydraulic characterization and considered representatives due to
soil homogeneity in terms of physical properties. Table 2 reports the
Brutsaert water retention parameters (Crescimanno and Garofalo,
2005) obtained for the same eleven soil locations (in R and L rows)
together with the AWmax values, calculated as the difference between
field capacity (θ value corresponding to the matric potential of 102 cm),
and wilting point (θr, i.e. value corresponding to the matric potential of
15300 cm). Statistical analysis (paired t-test) proved that differences
between AWmax values measured in L and R rows were non-significant
(P<0.01). The same result was obtained with reference to θr. The two
rows, therefore, had a similar hydrological behaviour in terms of
amount of water retained by the soil and made available to the crop.
However, the non-significantly different higher θs values measured in
the L row might be a consequence of soil swelling determined by the
higher salinity. Figure 1 illustrates differences between the ECsat values
measured in L row and the ECsat measured in the R row in the course of
the three-year irrigation seasons. Significantly higher ECsat values were
measured in the L row compared to the R row across all three years, con-
sistently with the higher salinity of the water used to irrigate the L row.
However, from the beginning to the end of the experiment ECsat
decreased from 1.43 to 1.23 dS m–1 in the R row, and from 1.51 to 1.34
dS m–1 in the L row. This indicated that winter rainfall was sufficient to
leach the excess of salts out of the topsoil, preventing soil salinization.
Figure 2 illustrates transpiration (Tr) values (mmol m–2 s–1) measured
on the eleven plants located  along the L and R rows from 2007 to 2009.
A paired t-test was carried out to evaluate the effect of the two different
irrigation treatments (saline water vs non saline water) on the plants.
This kind of test is advisable when differences between homogenous
elements subjected to different treatments need to be evaluated.
Significantly higher Tr values were measured in R row compared to val-
ues measured in L row, across all the 3 sampling years (P<0.01). Higher
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Table 1. Physical properties of the E, F, G and H profiles.
Soil profile Clay Silt Sand
(%) (%) (%)
E (R) 55 37 9
F (R) 54 36 10
G (L) 52 37 11
H (L) 33 34 33
Table 2. Parameters of the water retention curves determined at the eleven soil locations along the L and R rows and values of the max-
imum water available (AWmax).
L row R row
Plant n. AWmax θr θs α n AWmax θr θs α n
(cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3)
1 42.0 0.276 0.501 0.0325 1.052 39.0 0.27 0.42 0.0207 1.005
2 48.0 0.282 0.500 0.0238 1.005 36.0 0.27 0.43 0.0172 1.005
3 42.0 0.281 0.519 0.0275 1.005 42.0 0.27 0.47 0.0217 1.005
4 48.0 0.312 0.533 0.0254 1.005 42.0 0.27 0.47 0.0198 1.005
5 36.0 0.297 0.523 0.0335 1.005 42.0 0.28 0.49 0.0286 1.005
6 28.8 0.304 0.491 0.0252 1.197 42.0 0.28 0.44 0.0140 1.005
7 42.0 0.293 0.501 0.0242 1.005 42.0 0.29 0.47 0.0191 1.005
8 36.0 0.294 0.500 0.0262 1.005 42.0 0.29 0.48 0.0226 1.005
9 54.0 0.281 0.520 0.0221 1.005 36.0 0.29 0.46 0.0274 1.005
10 60.0 0.272 0.534 0.0082 1.334 42.0 0.29 0.45 0.0143 1.005
11 42.0 0.315 0.494 0.0217 1.005 66.0 0.28 0.50 0.0093 1.005
Figure 1. Difference between Electrical conductivity (ECsat) meas-
ured (dS m–1) in the eleven paired locations along the L and R
rows after irrigation at the depth of 60 cm (from 2007 to  2009).
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Tr values measured in R indicate that greater water uptake occurred. 
Figure 3 illustrates Gs values, obtained similarly to Tr values.
Significantly (P<0.01) higher Gs values, consistent with the higher Tr,
were measured in the R row compared to values measured in the L row
across all the three sampling years. Figure 4 illustrates the relationships
of Tr as a function of Gs according to an exponential function (y=a*ln
x+b).The exponential equation selected for regressing Tr vs Gs ade-
quately represented the physical process of transpiration as depending
on stomatal conductance. A higher regression coefficient (R2), indicat-
ing a closer correlation between Tr and Gs, was found for the R measure-
ments compared to the L. This result indicated a stronger and more
direct dependence of Tr on Gs in the R plants.  It is interesting to notice
that  the L and R plants had a similar behaviour within a certain Gs range
(Gs values lower than 600 mmol m–2s–1). The Gs values and the corre-
sponding Tr measured in the R row extended over a much wider range
than those measured in the L row, reaching Gs values up to 1200 mmol
m–2 s–1, which did not occur for the L plants. This indicates that some
constraint occurred in the L plants limiting stomatal conductance and
related transpiration rate within a certain range, probably because of an
osmotic component which determined a lower total water potential in the
L plants compared to the R plants. This plant behaviour was found to be
consistent with the higher soil salinity occurring and measured in the L
plot, confirming that soil salinity reduced the transpiration process and
the stomatal conductance in the L plot compared to the R plot. 
Conclusions
Results from this investigation demonstrated that crop transpiration
(Tr) and stomatal conductance (Gs) measured in grapevines irrigated
with water of different salinity were significantly affected by soil salinity
conditions, expressed by electrical conductivity of soil saturated extract.
Significant reductions in Tr and Gs were measured in plants in the treat-
ment irrigated with water having ECsat=1.6 dS m–1 (L row) compared to
Tr and Gs values measured in plants irrigated with water having a salin-
ity of 0.6 dS m–1 (R row). The investigation therefore indicated that a
value of ECsat=1.5 dS m–1), discriminated a different plant response to
salinity between L and R rows, supporting the salinity threshold for
grapes proposed by Maas (1990). Under the irrigation conditions inves-
tigated in the Foraci vineyard, it is therefore suggested to implement
management strategies aimed at keeping soil salinity under this thresh-
old value. This objective could be realised by irrigation performed using
the lower salinity water only, or by alternating the two irrigation waters.  
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Figure 3.  Stomatal conductance (Gs) (paired values) measured
after irrigation events in the eleven locations along the R and L
rows (from 2007 to 2009).
Figure 4. Relationship between Tr and Gs (R and L rows) and fit-
ting equations. 
Figure 2. Transpiration (Tr) (paired values) measured after irriga-
tion events in the eleven locations along the L and R  rows from
2007 to 2009.
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